IT was inferred from the results of previous researches upon the growth in vitro of Ehrlich carcinoma and Sarcoma 37 ascites tumour cells in "pure" culture that the vitality of the cells was limited by the rate at which they lost essential soluble substances to the culture medium (Powell, 1957a, b). Cultured cells confined in capillaries were able to build up more adequate local concentrations of the protective factors (Powell, 1957c Mice and tumours.-The ascites tumours were maintained in RIII strain mice as previously described (Powell, 1957a). In the course of the experiments it was found that the degree of protection given to the tumour cells by the explants varied with the treatment of the latter. Explants used in definitive experiments were prepared in a mixture consisting of 40 per cent ascitic tumour or horse serum and 60 per cent of Earle's balanced saline solution. The saline solution usually included a proportion of embryo extract. The explants were 1-2 mm. in diameter and cut to size as soon as possible
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Received for publication October 1, 1957 IT was inferred from the results of previous researches upon the growth in vitro of Ehrlich carcinoma and Sarcoma 37 ascites tumour cells in "pure" culture that the vitality of the cells was limited by the rate at which they lost essential soluble substances to the culture medium (Powell, 1957a, b) . Cultured cells confined in capillaries were able to build up more adequate local concentrations of the protective factors (Powell, 1957c The effects of explants of various tissues upon the growth of Ehrlich carcinoma and Sarcoma 37 ascites tumour cells were therefore studied.
MATERIALS AND METHODS
Mice and tumours.-The ascites tumours were maintained in RIII strain mice as previously described (Powell, 1957a) .
Tissue cultures.-The general methods, including preparation of media components, selection of ascites tumour cells and spatial arrangement of cultured cells, were similar to those used previously (Powell, 1957a) . The double-coverslip method of culture was used exclusively. In each experiment "pure" cultures of ascites tumour cells were employed as controls to cultures containing explants placed within the colonies of tumour cells. The distributions and numbers of tumour cells were comparable in the cultures of the two series. Observations were made on the effects of each kind of explant on both strains of malignant cells.
In the course of the experiments it was found that the degree of protection given to the tumour cells by the explants varied with the treatment of the latter. The duration of survival and incidence of mitosis in the control "pure cultures of ascites tumour cells in the present experiments were comparable to those reported earlier (Powell, 1957a) and will not be discussed in detail here.
The majority of the tumour cells in cultures with medium population densities survived 24 hours though dividing cells were few. In cultures with low populations most of the tumour cells degenerated in this period. After 48 hours the denser cultures contained a majority of degenerating cells. The effects of the explants on the two strains of tumour cells were closely similar and have therefore been described collectively. On comparing the control and explant cultures it was evident that the dispersed tumour cells had benefited from the presence of the heart explants. The protection was limited to the immediate vicinity of the explants and was more effective in respect to survival than to division of the tumour cells. This limited protection was possibly due to the heterologous relation between chick and mammalian tumour cells as mouse tissues were later found to give much greater protection.
Combined cultures of embryonic mouse muscle and ascites tumour cells Explants were prepared from thigh muscle of embryos of about 14 days' intrauterine growth. In complete contrast with the "pure" cultures, tumour cells in combined cultures grew and divided freely up to the 5th day of cultivation even when widely separated from each other and the explants. The protective effects of the explants was inversely proportional to the distance between them and EXPLANATION OF PLATES Photomicrographs of ascites tumour cells cultured in vitro in the presence of explants. In cultures maintained for 72 hours the distinctive demarcation of the tumour cell colony into peripheral degenerated and inner growing cells (Fig. 6 ) had become pronounced. Between these zones was one of viable but non-proliferating cells (Fig. 7) . Aggregates of tumour cells now included groups of up to 12-15 cells. By the 4th day groups of about 30 cells were found but by this time the zone of growing and dividing tumour cells was largely overwhelmed by the outgrowth of fibrocytes and epithelial cells from the explants. Malignant cells embedded in the outgrowths were healthy and seen in mitosis. The outgrowth had now reached the outer limit of the original zone of growing tumour cells. Dividing tumour cells were present in reduced numbers in 96-hour-old cultures. At 5 days the cultures began to degenerate but dividing tumour cells were still seen.
Washing the cultures in Earle's solution and renewing the medium stimulated the growth of the normal tissues and, presumably indirectly, of the tumour cells. In young cultures dividing tumour cells were almost invariably smoothly rounded. In older cultures the tumour cells in the later phases of mitosis indicated by their shape and surface irregularities that they were of the more differentiated rather than of the epithelioid form (Powell, 1957b During the 2nd day of incubation the output of amoebocytes increased and monocytes were occasionally seen. The latter were less common than in corresponding spleen cultures. The numbers of necrotic cells increased between 24 and 48 hours of incubation, particularly away from explants. Dividing tumour cells were common until after the 4th day of cultivation, though found in progressively decreasing numbers.
Small aggregates of malignant cells were formed near explants (Fig. 8) . The protective effects of the explants on the tumour cells were well marked and concentrically zoned as with explants of other tissues.
Combined cultures of spleen and ascites tumour cells
The spleens of adult RIII strain mice were used. During the first 24 hours of cultivation large numbers of small wandering cells and occasional monocytes emerged from the explants. The latter were not abundant until after the 2nd day. Numerous mitotic tumour cells were present within 2 mm. of the explants in 24-hour-old cultures. Most tumour cells were healthy but degenerated cells occurred and were common at the margins of the colonies. In view of the distances between the widely separated tumour cells and the explants the protection appeared to be due to soluble substances diffusing from the latter through the medium. Three concentric zones, which differed in the degree of benefit afforded to the tumour cells were distinguished. These zones were not sharply demarcated inter se. They are illustrated ( Fig. 1-4 ) with reference to explants of embryo chick heart. Tumour cells of the inner zone nearest the explant divided freely in 24-hour-old cultures (Fig. 1) . In 48-hour-old cultures cells of this zone were overgrown by chick fibrocytes, they remained healthy but did not divide (Fig. 2) , cells of the middle zone were viable (Fig. 3) while those of the outer zone were mostly necrotic (Fig. 4) .
In cultures of tumour cells with explants of mouse tissues, which were more protective than those of chick heart, the zonation of the tumour cells was clearer.
Tumour cells in the outermost and widest zone survived for periods significantly longer than in comparable "pure" cultures but which were nevertheless still limited. In this zone mitoses were virtually absent after relict divisions had been completed. In the innermost zone, extending 1-2 mm. from the explants in favour- Survival of tumour cells required smaller amounts of diffusible substances than did growth and division, assuming a quantitative rather than a qualitative difference in these substances at different points in a diffusion gradient. There were no marked qualitative differences between the effects of the protective substances liberated by the various kinds of explants tested. The role of amoebocytes present in the explants was perhaps important.
The explants had little effect on the morphology of the malignant cells. These tended to be epithelioid but transformed cells were present and sometimes radially orientated in respect to the explants. Such orientation was commoner in older cultures.
The protective factors were soluble in Earle's solution. They were probably heterogeneous and akin to or identical with those responsible for the growthpromoting effects of embryo extract. It appeared that the maintenance of a certain minimum concentration was essential for life and that greater amounts stimulated growth and division. The loss of these factors by isolated cells was possibly secondary to altered permeability of cell membranes.
While it was evident that the malignant cells benefited from the presence of normal embryonic cells, lymphoid tissues, embryonic membranes, and explants of solid tumours, the initial origin of the protective factors was not clearly apparent.
The explants were heterogeneous histologically and the only type of cell definitely shown to form the factors was the monocyte. Amoebocytes were present in all the explants tested. The function of these cells in promoting the growth of malignant cells required further investigation.
SUMMARY
The protective effects of explants of various tissues upon the vitality of dispersed Sarcoma 37 and Ehrlich carcinoma ascites tumour cells in plasma cultures are described.
It is concluded that the protection given by the explants is due to soluble substances which diffuse from them through the medium. The concentration of protective factors is greatest in the immediate vicinity of the explants and decreases radially to the edge of a culture. This concentration gradient is responsible for a concentric tri-zonal arrangement of the dispersed tumour cells of the colony is respect to their vitality.
The significance of the protective factors is briefly discussed. I am grateful for the assistance of Mr. G. A. Butcher with this work. The expenses of these researches were defrayed from a block grant by the British Empire Cancer Campaign. REFERENCES POWELL, A. K.-(1957a) Brit. J. Cancer, 11, 274.-(1957b) Ibid., 11, 280.-(1957c) Ibid., 11, 478. 
